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RADIO TRANSMISSION APPARATUS AND PEAK POWER SUPPRESSION 
METHOD IN MULT I CARRIER COMMUNICATION 

Technical Field 

[0001] The present invention relates to a radio 
transmission apparatus and peak power suppression method 
in multicarrier communication. 



Background Art 

[0002] In mobile communications, the demand for 
communicating various media such as speech, moving 
picture, data and so forth at high speed has increased. 

15 In high-speed packet communication, the use of 

multicarrier communication has been examined that can 
reduce the impact of mult ipath propagation which is unique 
to mobile communications, such as OFDM (Orthogonal 
Frequency Division Multiplexing), MC-CDMA (Multi 

20 Carrier-Code Division Multiple Access) and the like. 

[0003] However, in multicarrier communication using a 
large number of subcarriers, peak power becomes an 
extremely high value relative to the average power when 
the phases of subcarriers synchronize. When peak power 

25 is high, signals are distorted due to limitations of a 
linear amplifier, and communication characteristics (for 
example, BER: Bit Err or Rat e ) deteriorate. Accordingly, 
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various studies have been made not to produce high peak 
power . 

[ 0004 ] One of such studies is to control not to transmit 

subcarriers of low reception quality. Peak power is 
5 suppressed by making subcarriers not to be transmitted 

(for example, see Non-patent Document 1). 

[ 0005] Another one of the studies is to add a different 

phase rotation to each subcarrier and transmit. Peak 

power is suppressed by making the phases of subcarriers 
10 out of synch (for example, see Patent Documentl) . 

Patent Document 1: Japanese Patent Application 

Laid-Open No. 2002-359606 
Non-patent Document 1: Maeda, Sampei, Morinaga, 

"Performance of the Delay Profile Information Channel 
15 based Subcarrier Transmit Power Control Technique for 

OFDM/ FDD Systems'', IEICE Transactions, B, Vol. J84-B, 

No. 2, pp. 205-213 (February, 2001) 

Disclosure of Invention 

20 Problems to be Solved by the Invention 

[0006] However, in the technique described in Non-patent 
Document 1, subcarriers not to be transmitted are produced, 
so that the number ofbits that canbe transmitted decrease, 
and the throughput may deteriorate. Further, it is 

25 necessary to separately report the information regarding 
positions of the subcarriers not to be transmitted to 
the receiver side, and consequently transmission 



4\ 

2F04198-PGT 3 
efficiency degrades. 

[0007] In the technique described in Patent Document 1, 
it is necessary to separately report the information 
regarding phase rotation indicative of a degree of given 
5 phase rotation to the receiver side, and consequently 
the transmission efficiency degrades. 

[0008 ] It is therefore an object of the present invention 
to provide a radio transmission apparatus and peak power 
suppression method whereby peak power can be suppressed 
10 without causing deterioration in throughput and 
degradation in transmission efficiency. 

Means for Solving the Problem 

[0009] In the present invention, peak power of a 
multicarrier signal is suppressed by changing the phase 
of each of a plurality of subcarriers within a range that 
does not cross a decision boundary between a signal point 
on an IQ plane in which a symbol assigned to each of the 
plurality of subcarriers is placed and an adjacent signal 
point . 

Advantageous Effect of the Invention 

[0010] According to the present invention, it is possible 
to decrease peak power while preventing deterioration 
25 in throughput and degradation in transmission efficiency 
in multicarrier communication. 
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Brief Description of Drawings 
[0011] 

FIG.l is a block diagram illustrating a 
configuration of a radio transmission apparatus according 
Embodiments 1 and 2 of the present invention; 

FIG. 2 is a graph illustrating a peak power 
determination method according to Embodiment 1 of the 
invention; 

FIG. 3 is an explanatory view of a decision boundary 
according to Embodiment 1 of the invention (BPSK); 

FIG. 4 is an explanatory view of decision boundaries 
according to Embodiment 1 of the invention (QPSK) ; 

FIG. 5 is an explanatory view of decision boundaries 
according to Embodiment 1 of the invention (8PSK); 

FIG. 6 is an explanatory view of decision boundaries 
according to Embodiment 1 of the invention ( 1 6 QAM ) ; 

FIG. 7 is a view showing a change range according 
to Embodiment 1 of the invention (Example 1); 

FIG. 8 is a view showing a change range according 
to Embodiment 1 of the invention (Example 2); 

FIG. 9 is a view showing a change range according 
to Embodiment 1 of the invention (Example 3); 

FIG. 10 is a view showing a change range according 
to Embodiment 1 of the invention (Example 4); 

FIG. 11 is a view showing a change range according 
to Embodiment 1 of the invention (Example 5); 

FIG. 12 is a view showing a change range according 
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to Embodiment 1 of the invention (Example 6); 

FIG. 13 is a graph showing simulation results 
according to Embodiment 1 of the invention; 

FIG. 14 is a view showing a change range according 
to Embodiment 1 of the invention (Example 7); 

FIG. 15 is a view showing a change range according 
to Embodiment 1 of the invention (Example 8); 

FIG. 16 is a view showing a change range according 
to Embodiment 1 of the invention (Example 9); 

FIG. 17 is a view showing a change range according 
to Embodiment 1 of the invention (Example 10); 

FIG. 18 is a view showing a change range according 
to Embodiment 1 of the invention (Example 11); 

FIG. 19 is a processing flow diagram according to 
Embodiment 1 of the invention; 

FIG. 20 is a processing timing diagram according to 
Embodiment 1 of the invention; 

FIG. 21 is a block diagram illustrating a 
configuration of a radio transmission apparatus according 
Embodiment 3 of the invention; 

FIG. 22 is a block diagram illustrating a 
configuration of a radio transmission apparatus according 
Embodiment 4 of the invention; 

FIG. 23 is a MCS selection table according to 
Embodiment 4 of the invention; 

FIG. 24 is a block diagram illustrating a 
configuration of a radio transmission apparatus according 
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Embodiment 5 of the invention; 

FIG . 25 is an explanatory view of SIR margin according 
to Embodiment 5 of the invention; and 

FIG. 26 is a block diagram illustrating a 
5 configuration of a radio transmission apparatus according 
Embodiment 6 of the invention. 

Best Mode for Carrying Out the Invention 

[0012] Embodiments of the present invention will 

10 specifically be described below with reference to the 
accompanying drawings . 
[0013] (Embodiment 1) 

FIG . 1 is a block diagram illustrating the 
configuration of the radio transmission apparatus 

15 according Embodiment 1 of the present invention. The 
radio transmission apparatus shown in FIG.l has coding 
section 11, modulation section 12, assigning section 13, 
subcarrier selecting section 14, changing section 15, 
inverse fast Fourier transform (IFFT) section 16, 

20 determination section 17 , guard interval (GI) section 
18, radio transmission section 19, and antenna 20. 
[0014] Coding section 11 performs error correcting 
coding on transmission data (bit sequence) . 
[0015] Modulation section 12 generates a symbol from the 

25 coded data, places the generated symbol at one of a 

plurality of signal points on the IQ plane, and thereby 
modulates the data. The plurality of signal points on 
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the IQ plane are defined according to the modulation scheme 
used in modulation section 12, and this will be described 
later in detail. 

[0016] Assigning section 13 transforms the modulated 
5 symbol input in series from modulation section 12 into 
parallel form and inputs the result to changing section 
15. Whenever a number of symbols equivalent to a 
plurality of subcarriers constituting one OFDM symbol 
are input in series, assigning section 13 assigns the 

10 symbols to the plurality of subcarriers and inputs the 
result to changing section 15. Further, assigning 
section 13 inputs assignment information indicating which 
symbol is assigned to which subcarrier to subcarrier 
selecting section 14. Herein, the number of subcarriers 

15 constituting one OFDM symbol is assumed N (fi to f N ) . 
[0017] Based on the assignment information, subcarrier 
selecting section 14 selects subcarriers to be changed 
the phase and amplitude among subcarriers fi to f N , and 
inputs the selection result to changing section 15. 

20 Subcarrier selecting section 14 selects, as the changing 
target, subcarriers other than subcarriers assigned 
relatively important information such as a pilot symbol, 
control data and so forth. 

[0018] According to the determination result in 
25 determination section 17, which will be described later, 
changing section 15 changes the phase and amplitude of 
the subcarriers selected in subcarrier selecting section 
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14. The changing method will be described later. 
Changing section 15 inputs subcarriers fi to f N , the phase 
and amplitude of which have been changed, to IFFT section 

16 . 

5 [0019] I F FT section 16 transforms subcarriers fi to f N 
input from changing section 15 from the frequency domain 
to time domain through the inverse fast Fourier transform, 
generates an OFDM symbol, which is a multicarrier signal, 
and inputs this OFDM symbol to determination section 17. 
10 [0020 ] For the input OFDM symbol, determination section 

17 measures the peak power relative to the average power 
shown in FIG. 2, and determines whether or not the peak 
power is greater than or equal to the threshold. 

As a result of the determination, when the peak power 
15 is less than the threshold, determination section 17 
inputs the OFDM symbol to GI section 18. Meanwhile, when 
the peak power is equal to or greater than the threshold, 
determination section 17 sends changing instruction to 
changing section 15. According to this instruction, 
20 changing section 15 changes the phase and amplitude of 
the subcarriers selected in subcarrier selecting section 
14 among the subcarriers fi to f N input from assigning 
section 1 3 . 

[ 0021] Then, the OFDM symbol is attached a guard interval 
25 in GI section 18, processed by predetermined radio 

processing such as up-conversion and the like in radio 
transmission section 19, and transmitted by radio to a 
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radio reception apparatus from antenna 20. 

[0022] The signal point constellation on the IQ plane 
and the changing method in changing section 15 will next 
be described below. 
5 [0023] FIGs.3 to 6 show the signal point constellations 
in BPSK (Binary Phase Shift Keying) , QPSK (Quaternary 
Phase Shift Keying), 8 PSK (Phase Shift Keying) and 16QAM 

(Quadrature Amplitude Modulation), respectively. 

[ 0024 ] In BPSK, one symbol is comprised of one bit, and 
10 the signal point constellation is as shown in FIG. 3. In 
other words, in the radio transmission apparatus , a symbol 
modulated by BPSK is placed in one of two signal points. 
In this case, the decision boundary between the adjacent 
signal points is the Q axis . Accordingly, the radio 
15 reception apparatus decides a received symbol positioned 
in the region defined as 1^0 is " 1 " and a received symbol 
positioned in the region defined as I<0 is " 0 . " 

[0025] In QPSK, one symbol is comprised of two bits, and 
the signal point constellation is as shown in FIG. 4. In 
20 other words, in the radio transmission apparatus , a symbol 
modulated by QPSK is placed in one of four signal points. 
In this case, the decision boundaries between the adjacent 
signal points are the I axis and Q axis. Accordingly, 
the radio reception apparatus decides that a received 
25 symbol positioned in the region defined as 1^0 and Q^0 

(first quadrant) is "10", a received symbol positioned 
in the region defined as I<0 and Q^0 (second quadrant) 
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is "0 0" , a received symbol positioned in the region defined 
as I<0 and Q<0 (third quadrant) is " 0 1 " , and a received 
symbol positioned in the region defined as 1^0 and Q<0 
(fourth quadrant) is " 1 1 " . 
5 [0026] In 8PSK, one symbol is comprised of three bits, 
and the signal point constellation is as shown in FIG. 5. 
In other words, in the radio transmission apparatus, a 
symbol modulated by 8PSK is placed in one of eight signal 
points. In this case, the decision boundaries between 

10 adjacent signal points are the I axis, Q axis and the 
lines spaced n/4 apart from each of the I axis and Q axis. 
Accordingly, for example, the radio reception apparatus 
decides a received symbol positioned in the region defined 
as O^0<n/4 is "001", and a received symbol positioned 

15 in the region defined as n/4^9<n/2 is "010". 

[0027] In 16QAM, one symbol is comprised of four bits, 
and the signal point constellation is as shown in FIG. 6. 
In other words, in the radio transmission apparatus, a 
symbol modulated by 16QAM is placed in one of sixteen 

20 signal points. In this case, the decision boundaries 
between adjacent signal points are the I axis, Q axis 
and the lines which are parallel with the I axis or Q 
axis and spaced an equal distance apart from respective 
signal points. For example, when the signal point 

25 constellation is I or Q=-3, -1, 1, 3, the decision 

boundaries between adjacent signal points are the I axis, 
Q axis, I = -2 , 2 and Q=-2 , 2 . Accordingly, for example, the 
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radio reception apparatus decides that a received symbol 
positioned in the region defined as 0^I<2 and -2^0<O is 
"0111", and a received symbol positioned in the region 
defined as -2<I<0 and Q>2 is "1001". 
5 [0028] Then, changing section 15 changes the phase and 
amplitude of the subcarriers selected in subcarrier 
selecting section 14 within a range that does not cross 
the decision boundary between the signal points. For 
example, when the modulation scheme is BPSK and a symbol 

10 is placed in the signal point of "1", changing section 
15 changes the phase and amplitude of the subcarrier 
assigned the symbol within the range that does not cross 
the decisionboundarywith the signal point of "0" adjacent 
to the signal point of "1" (i.e. within the range of I>0) . 

15 When the modulation scheme is QPSK and a symbol is placed 
in a signal point of "10", changing section 15 changes 
the phase and amplitude of the subcarrier assigned the 
symbol within the range that does not cross the decision 
boundaries respectively with the signal points of "11" 

20 and "00" adjacent to the signal point of "10" (i.e. within 
the range of 1^0 and Q^0). When the modulation scheme 
is 8PSK and a symbol is placed in a signal point of "010", 
changing section 15 changes the phase and amplitude of 
the subcarrier assigned the symbol within the range that 

25 does not cross the decision boundaries respectively with 
the signal points of "001" and "011" adjacent to the signal 
point of "010" (i.e. within the range of n/4^9<n/2) . When 
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the modulation scheme is 16QAM and a symbol is placed 
in the signal point of "1111", changing section 15 changes 
the phase and amplitude of the subcarrier assigned the 
symbol within the range that does not cross the decision 
5 boundaries respectively with the signal points of "0111", 
"1110", "1011", and "1101" adjacent to the signal point 
of "1111" (i.e. within the range of 0<I<2 and 0<Q<2). 
[0029] Changing section 15 thus changes the phase and 
amplitude of a subcarrier is for the following reason: 

10 That is, when the radio reception apparatus makes a 

decision on a received symbol, the apparatus makes a region 
decision as described above. Accordingly, by changing 
the phase and amplitude of subcarriers, even when a symbol 
is received in a position somewhat shifted from the signal 

15 point constellation as shown in FIG. 3 to FIG. 6 (ideal 
signal point constellations), as long as the shifted 
position is within a range that does not cross the decision 
boundary with the adjacent signal point, the radio 
reception apparatus is able to determine the received 

20 symbol accurately. Further, since the radio reception 
apparatus determines the received symbol by region 
decision such as described above, as long as the phase 
and amplitude of the subcarrier are changed within a range 
that does not cross the decision boundary with the adjacent 

25 signal point, the radio reception apparatus is able to 
determine received symbols accurately using conventional 
method without having information regarding the change 
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amount from the radio transmission apparatus, so that 
it is possible to avoid degradation of transmission 
efficiency due to transmission of the report signal. In 
addition, by changing section 15 shifting the signal point, 
5 such a symbol arises that exceeds the decision boundary 
due to effects of noise and like on the propagation path. 
Thus the reliability of the symbol deteriorates, and the 
probability of occurrence of an error is increased. 
However, since coding section 11 performs error 

10 correcting coding, the error can be corrected by error 
correcting decoding in the radio reception apparatus. 
[0030] The changing method in changing section 15 will 
be described below more specifically. 
[0031] Examples 1 to 6 assume the case where the 

15 modulation scheme is QPSK, and modulation section 12 
places a symbol at the signal point of " 1 0 " in FIG. 4, 
i.e. the signal point has the amplitude and power (square 
of the amplitude) of 1 and coordinates (1/V~ 2, 1/V~ 2) . 
[0032] <Example 1> 

20 In Example 1, the phase and amplitude of a subcarrier 

is changed in the change range shown in FIG. 7. More 
specifically, changing section 15 multiplies the 
subcarrier selected in subcarrier selecting section 14 
by a k as shown in following Equation (1) : 

25 a k = p-e je ... ( 1 ) 

[0033] where p is a variable for changing the amplitude 
and is defined as 0<p<l, 0 is a variable for changing 
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the phase and is defined as -n/4<0<n/4 / and these are 
both random variables that change per subcarrier. k is 
1, 2, N (N is the total number of subcarriers contained 
in one OFDM symbol) . By thus changing 9 randomly and 
5 changing the phase of each of subcarriers, it is possible 
to make the subcarriers out of phase, and, as a result, 
it is possible to suppress peak power of the OFDM symbol. 
Further, since p is defined as 0<p<l, the change range 
lies inside the amplitude increase /decrease boundary 

10 (part of a circle with a radius of 1), and a subcarriers 
after the change always has lower amplitude and power 
than the subcarrier before the change. The transmission 
power of an OFDM symbol is determined as average power 
of a plurality of subcarriers contained in the OFDM symbol , 

15 and therefore, according to Example 1, it is possible 
to further reduce the transmission power of an OFDM symbol , 
as the number of changing target subcarriers increases. 
By reducing the transmission power, it is possible to 
reduce interference imposed on other communications. 

20 Further, the transmission power that is reduced can be 
allocated to other communication, and therefore it is 
possible to enhance the overall transmission efficiency 
of the system. In other words, in Example 1, the peak 
power is suppressed by randomly changing the phase of 

25 each subcarrier, while the transmission power of a 
multicarrier signal is reduced by decreasing the 
amplitude of each subcarrier. 
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[0034] <Example 2> 

In Example 2, the phase and amplitude of a subcarrier 
is changed in the change range (within the range of a 
circle with the original signal point as the center) shown 
5 in FIG. 8. More specifically, changing section 15 adds 
a k shown in above-mentioned Equation (1) to the subcarrier 
selected in subcarrier selecting section 14. However, 
in Example 2, where p is defined as 0<p<l/V r 2, 6 is defined 
as 0<9^2n, and these are both random variables that change 

10 per subcarrier. In Example 2, since the change range has 
a larger area outside the amplitude increase/decrease 
boundary than inside the amplitude increase/decrease 
boundary, the transmission power of the OFDM symbol 
increases with probability. By thus increasing the 

15 transmission power of an OFDM symbol, the error rate in 
the radio reception apparatus can be decreased, as 
compared with Example 1. 
[0035] <Example 3> 

In Example 3, the phase and amplitude of a subcarrier 

20 is changed in the change range (within the range that 
the center of the circle in Example 2 is shifted toward 
the I axis and Q axis) shown in FIG. 9. More specifically, 
changing section 15 multiplies the subcarrier selected 
in subcarrier selecting section 14 by the constant S k 

25 (0<S k ^l) and adds the resultant to a k shown in 

above-mentioned Equation (1) . In Example 3, where p is 
a constant defined as 0<p^s k /V~ 2, and 0 is a variable 
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defined as 0<9^2n and is random per subcarrier. In 
Example 3, since the change range has a larger area inside 
the amplitude increase/decrease boundary than outside 
the amplitude increase/decrease boundary, the 
5 transmission power of the OFDM symbol decreases with 
probability . 
[0036] <Example 4> 

In Example 4, the phase and amplitude of a subcarrier 
is varied in the change range (within the range such that 

10 the circle in Example 3 is made an ellipse) as shown in 
FIG. 10. As in Example 3, in Example 4, since the change 
range has a larger area inside the amplitude 
increase /decrease boundary than outside the amplitude 
increase /decrease boundary, the transmission power of 

15 the OFDM symbol decreases with probability. 
[0037] <Example 5> 

In Example 5, the phase of a subcarrier is changed 
in the change range (on the amplitude increase /decrease 
boundary) shown in FIG. 11. In other words, only the phase 

20 is changed without changing the amplitude. More 
specifically, changing section 15 multiplies the 
subcarrier selected in subcarrier selecting section 14 
by a k shown in following Equation (2): 
a k =e J0 ...(2) 

25 [0038] where 6 is a variable defined as ~n/4<0<n/4 and 
is random per subcarrier. In this Example 5, it is 
possible to suppress the peak power while maintaining 
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the transmission power of the OFDM symbol. 
[0039] <Example 6> 

In Example 6, the phase and amplitude of a subcarrier 
is varied in the change range shown in FIG. 12 . In Example 
5 6, the amplitude may be increased while p is set at p>0 
in Example 1. When the amplitude is increased, only the 
amplitude of the original signal point is increased 
without changing the phase. In the case where the phase 
is changed when the amplitude is increased, OFDM symbol 

10 transmission power increases and the SNR (Signal to Noise 
Ratio) deteriorates. This causes inefficiency and the 
above is done so as to prevent this inefficiency. 
[0040] FIG. 13 shows simulation results (peak power 
occurrence probability distribution evaluation: PAPR 

15 distribution evaluation) when the change method of 

Examples 2 and 5 are used. By looking at the peak power 
occurrence probability of 1%, it is understood that the 
peak power decreases by 2dB in Example 2 and 1 . 6dB in 
Example 5, as compared with the case that peak power 

20 measures are not taken. 

[0041] Examples 7 to 11 described below are those in case 
where the modulation scheme is BPSK, 8PSK or 16QAM, and 
correspond to Example 1 in the case of QPSK. In other 
words, in each of following Examples 7 to 11, the phase 

25 of each subcarrier is changed randomly to suppress peak 
power, while the amplitude of each subcarrier is decreased 
to reduce the transmission power of the multicarrier 
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signal. Accordingly, in any one of following Examples 
7 to 11, as in Example 1, the change range is surrounded 
by decision boundaries with adjacent symbols and is within 
a range in which the amplitude does not increase. 
5 [0042] <Example 7> 

Example 7 shown in FIG. 14 is an example in the case 
where the modulation scheme is BPSK and modulation section 
12 places a symbol at the signal point of "1" in FIG. 3. 
In Example 7, the phase and amplitude of a subcarrier 

10 is varied in the change range shown in FIG. 14. 
[0043] <Example 8> 

Example 8 shown in FIG. 15 is an example in the case 
where the modulation scheme is 8 PSK and modulation section 
12 places a symbol at the signal point of "010" in FIG. 5. 

15 In Example 8, the phase and amplitude of a subcarrier 
are changed in the change range shown in FIG. 15. 
[0044] <Example 9> 

Example 9 shown in FIG. 16 is an example in the case 
where the modulation scheme is 16QAM and modulation 

20 section 12 places a symbol at the signal point of "1111" 
in FIG. 6. In Example 9, the phase and amplitude of a 
subcarrier are changed in the change range as shown in 
FIG . 16 . 

[0045] <Example 10> 
25 Example 10 shown in FIG. 17 is an example in the case 

where the modulation scheme is 16QAM and modulation 
section 12 places a symbol at the signal point of "1110" 
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in FIG. 6. In Example 10, the phase and amplitude of a 
subcarrier are changed in the change range shown in FIG - 17 . 
[0046] <Example 11> 

Example 11 as shown in FIG. 18 is that in the case 
5 where the modulation scheme is 16QAM and modulation 
section 12 places a symbol at a signal point of "1010" 
in FIG. 6. In Example 11, the phase and amplitude of a 
subcarrier is varied in the change range shown in FIG. 18. 
[0047] The processing flow in the radio transmission 

10 apparatus will be described next with reference to FIG. 19 . 
In step (ST) 21, coding section 11 encodes transmission 
data (bit sequence) (coding processing) . In ST22, 
modulation section 12 modulates the coded data 
(modulation processing) . In ST23, assigning section 13 

15 assigns modulated symbols to respective subcarriers 

(assignment processing) . In ST24, subcarrier selecting 
section 14 selects subcarriers to be changed the phase 
and amplitude (selection processing) . In ST25, changing 
section 15 changes the phase and amplitude of the selected 

20 subcarrier (changing processing) . In ST26, IFFT section 
16 performs IFFT processing to generate an OFDM symbol 
(IFFT processing). In ST27 and ST28, determination 
section 17 determines whether or not the peak power of 
the OFDM symbol is equal to or greater than a threshold 

25 (peak determination processing ) , and, when the peak power 
is equal to or greater than the threshold, the processing 
flow returns to the changing processing of ST25, while, 
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when the peak power is less than the threshold, GI section 

18 adds a guard interval and radio transmission section 

19 transmits the OFDM symbol in ST 29 (transmission 
processing) . 

5 [0048] As can be seen from the processing flow, the 
changing processing to the peak determination processing 
are repeated until the peak power becomes less than the 
threshold. When the peak power is equal to or greater 
than the threshold, changing section 15 changes the change 

10 amount every time, and changes the phase and amplitude 
of each subcarrier. In other words, the changing 
processing is repeated until the peak power becomes less 
than the threshold. Therefore, changing section 15 has 
a buffer and holds subcarriers input from assigning 

15 section 13 for a predetermined time. However, as shown 
in the processing timing of FIG. 20, the time allowed for 
peak power suppression processing (repetition of the 
changing processing, IFFT processing and peak 
determination processing: repetition of ST25 to ST28) 

20 during the period after transmission data (bit sequence) 
is input in coding section 11 until the OFDM symbol is 
transmitted, is limited. Accordingly, the above 
repetition processing for peak power suppression is cut 
off at the maximum when transmission processing in ST29 

25 is started. At this point, when the peak power is still 
equal to or greater than the threshold, the radio 
transmission apparatus selects the OFDM symbol of the 
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lowest peak power in the repetition processing up till 
then and transmits the selected OFDM symbol. In this 
transmission, the power of the OFDM symbol may be limited 
to the level of the threshold. 
5 [0049] In addition, since an OFDM symbol having the peak 
power originally less than the threshold does not need 
changing processing in changing section 15, it may be 
possible that, in the processing flow shown in FIG. 19, 
ST26 to ST28 are performed without performing ST25, and 

10 when the peak power is equal to or greater than the 
threshold, ST25 is performed for the first time. 
[0050] Thus, according to this Embodiment, there is no 
need to transmit information regarding the phase to the 
radio reception apparatus even when the phase of the 

15 subcarrier is varied to suppress the peak power, and it 
is thus possible to prevent the transmission efficiency 
from deteriorating. Further, a subcarrier not to be 
transmitted does not exist, and it is thereby possible 
to suppress the peak power without degrading the 

20 throughput . 

[0051] (Embodiment 2) 

In this Embodiment, only the operation of changing 
section 15 differs from Embodiment 1, and referring to 
FIG.l again, described below is the operation of changing 

25 section 15 according to this Embodiment. 

[0052] In the repetition of ST25 to ST28 explained above 
using FIG. 19, when the peak power is equal to or greater 
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than the threshold, changing section 15 increases the 
change amount gradually in above Equation (l)and changes 
the phase and amplitude of each subcarrier. More 
specifically, changing section 15 selects one of the 
5 following levels of change amounts in Equation (1) . In 
addition, the following examples of levels of change 
amounts are in the case of using QPSK as a modulation 
s cheme . 

Level 1: 0.75<p£l.O, |e|<n/16 

10 Level 2: 0.5<p<0.75, n / 1 6< | 0 | <n / 1 2 

Level 3: 0.25<p^0.5, n/12^|e|<n/8 
Level 4: 0<p<0.25, n/8^|e|<n/4 
[0053] At this point, changing section 15 increases the 
level of the change amount gradually according to the 

15 number of repetitions such that level 1 is used in the 
first changing processing, level 2 is used in the second 
changing processing, and level 3 is used in the third 
changing processing, and so on. As the level of the change 
amount is higher, the phase and amplitude of a subcarrier 

20 can be changed greater . Then, when determination section 
17 determines that the peak power is less than the threshold, 
transmission processing is performed. 
[0054] Thus, according to this Embodiment, change 
amounts of the peak and amplitude are increased gradually 

25 when the peak power is equal to or greater than the 

threshold and the OFDM symbol is transmitted at the time 
the peak power becomes less than the threshold. It is 
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thereby possible to change the phase and amplitude of 
a subcarrier with a minimum change amount required for 
the peak power to be less than the threshold. Accordingly, 
it is possible to suppress the peak power while minimizing 
5 deterioration in the error rate due to variations in the 
phase and amplitude. 
[0055] (Embodiment 3) 

This Embodiment differs from above Embodiment 1 in 
performing a plurality of processing in changing section 
10 15 and IFFT section 16 in parallel to select an OFDM symbol 
with the lowest peak power. 

[0056] FIG. 21 is a block diagram illustrating the 
configuration of the radio transmission apparatus 
according to Embodiment 3 of the present invention. In 

15 addition, descriptions are omitted on sections in FIG. 21 
with the same operation as that in FIG.l (Embodiment 1) . 
[0057] The radio transmission apparatus according to 
this Embodiment is provided with a plurality of peak 
suppressing sections 31-1 to 31-M, each comprised of 

20 changing section 15 and IFFT section 16. Changing 

sections 15 of peak suppressing sections 31-1 to 31-M 
change the phase and amplitude of a subcarrier selected 
in subcarrier selecting section 14 among subcarriers fi 
to f N input from assigning section 13. At this point, 

25 changing sections 15 of peak suppressing section 31-1 
to 31-M change the phase and amplitude of the same 
subcarrier with different change amounts, respectively. 
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Accordingly, peak power varies between OFDM symbols 
generated in IFFT sections 16 of peak suppressing sections 
31-1 to 31-M. Thus the generated M OFDM symbols are input 
to OFDM symbol selecting section 32 in parallel. Then, 
5 OFDM symbol selecting section 32 selects the OFDM symbol 
with the lowest peak power among the M OFDM symbols and 
input the OFDM symbol to GI section 18. 

[0058] Thus, according to this Embodiment, a plurality 
of changing processing are performed in parallel as an 
10 alternative to the repeated changing processing performed 
in Embodiment 1, so that it is possible to suppress the 
peak power in a short time as compared with Embodiment 
1 . 

[0059] In addition, the plurality of M changing sections 
15 15 may change the phases and amplitudes of different 

subcarriers. In this way, it is expected that peak 

suppressing sections 31-1 to 31-M output M OFDM symbols 

with more random PAPR. 

[0060] (Embodiment 4) 
20 This Embodiment describes the case of performing 

adaptive modulation per subcarrier. 

[0061] FIG. 22 is a block diagram illustrating the 
configuration of the radio transmission apparatus 
according to Embodiment 4 of the present invention. In 
25 addition, descriptions are omitted on sections in FIG. 22 
with the same operation as that in FIG.l (Embodiment 1) . 

[0062] A radio reception apparatus receiving an OFDM 
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symbol transmitted from antenna 20 measures reception 
SIR (reception quality) per subcarrier, and reports 
received SIR value per subcarrier as a report signal to 
the radio transmission apparatus in FIG. 22. The report 
5 signal received via antenna 20 undergoes reception 

processing (radio processing, demodulation and the like) 
in reception processing section 41, and the received SIR 
value per subcarrier is input toMCS (Modulation and Coding 
Scheme) selecting section 42. 

10 [0063] MCS selecting section 42 selects a modulation 
scheme and coding rate, referring to the table shown in 
FIG. 23. MCS selecting section 42 selects the modulation 
scheme and coding rate such that the received SIR value 
reported from the radio reception apparatus fulfills the 

15 required SIR value. For example, when the received SIR 
value reported from the radio reception apparatus is 7dB, 
MCS number 2 (modulation scheme: QPSK, coding rate R=l/2) 
is selected. When the received SIR value reported from 
the radio reception apparatus is 14dB, MCS number 3 

20 (modulation s cheme : 8PSK, coding rate R=3 / 4 ) is selected. 
MCS selecting section 42 performs this selection per 
subcarrier, and then inputs the MCS number selected per 
subcarrier to coding section 11, modulation section 12 
and changing section 15. 

25 [0064 ] Coding section 11 performs coding with the coding 
rate in accordance with the input MCS number, and 
modulation section 12 performs adaptive modulation per 
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subcarrier with the modulation scheme in accordance with 
the input MCS number. 

[0065] Then, changing section 15 decreases the change 
amount of the phase and amplitude for the subcarrier with 
5 a higher MCS number. In other words, changing section 
15 decreases the change amount in changing the phase and 
amplitude of each subcarrier, as the M-ary modulation 
level used in modulation section 12 is greater. More 
specifically, using the levels 1 to 4 described in above 

10 Embodiment 2, changing section 15 changes the phase and 
amplitude of each subcarrier with level 4 in the case 
that the modulation scheme is BPSK, with level 3 in the 
case that the modulation scheme is QPSK, with level 2 
in the case that the modulation scheme is 8PSK, or with 

15 level 1 in the case that the modulation scheme is 16QAM. 
[0066] Ascanbeseen from FIGs.3 to 6, since the distance 
between adjacent signal points is shorter as the M-ary 
modulation level is greater, the possible change amount 
becomes smaller. Accordingly, in the radio 

20 communication system where adaptive modulation is 

performed per subcarrier, according to this Embodiment, 
it is possible to change the phase and amplitude of each 
subcarrier with a suitable change amount (change amount 
in the range that does not cross the decision boundary 

25 with the adjacent signal point) according to the 

modulation scheme, and to decrease the error rate. 
[0067] (Embodiment 5) 
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This Embodiment describes the case of performing 
adaptive modulation per subcarrier as in above Embodiment 
4 . 

[0068] FIG. 24 is a block diagram illustrating a 
5 configuration of a radio transmission apparatus according 
to Embodiment 5 of the present invention. Descriptions 
are omitted on sections in FIG. 24 with the same operation 
as those in FIG.l (Embodiment 1) and FIG. 22 (Embodiment 
4) - 

10 [0069] A report signal which is transmitted from the 
radio reception apparatus and received via antenna 20 
undergoes reception processing in reception processing 
section 41, and the received SIR value per subcarrier 
is input toMCS selecting section 42 and margin calculating 

15 section 5 1 . 

[0070] MCS selecting section 42 inputs the MCS number 
per subcarrier selected as in above-mentioned Embodiment 
4 to coding section 11 and modulation section 12 . Further, 
MCS selecting section 42 inputs the required SIR value 

20 for the MCS per subcarrier selected as in above Embodiment 
4 to margin calculating section 51. 

[0071] As shown in FIG. 25, margin calculating section 
51 calculates the difference between the received SIR 
value reported from the radio reception apparatus and 
25 the required SIR value for MCS selected in MCS selecting 
section 42 (received SIR value - required SIR value), 
i.e. the SIR margin per subcarrier. Then, margin 
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calculating section 51 inputs the calculated SIR margin 
to subcarrier selecting section 14 and changing section 
15 . For example , with respect to subcarrier f3 in FIG. 25, 
since the MCS of MCS number 2 (modulation scheme: QPSK, 
5 coding rate R=l/2) is selected, the required SIR value 
is 5dB from FIG. 23. Meanwhile, the received SIR value 
of subcarrier f3 reported from the radio reception 
apparatus is 8 . 3dB from FIG. 25. Accordingly, margin 
calculating section 51 calculates the SIR margin for 

10 subcarrier f3 as 3.3dB. 

[0072] Subcarrier selecting section 14 selects a 
subcarrier with an SIR margin equal to or greater than 
a threshold, and inputs the selection result to changing 
section 15. Accordingly, in changing section 15, among 

15 a plurality of subcarriers contained in one OFDM symbol, 
only a subcarrier such that a difference between the 
reception SIR in the radio reception apparatus and the 
required SIR for the modulation scheme used in modulation 
section 12 is equal to or greater than the threshold is 

20 subject to change. For example, when the threshold is 
2 . 5dB for the SIR margin shown in FIG. 25, subcarriers 
f 3 , f 4/ and f7 among subcarriers fi to f 8 are subject to 
change . 

[0073] Further, with respect to the subcarrier selected 
25 in subcarrier selecting section 14, changing section 15 
determines the change amount accrding to the size of the 
SIR margin . For example, in Example 2 in above Embodiment 
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1, when the SIR margin is 3dB, p is a random variable 
defined as 0<p<V~ 0.5. When such p is set, deterioration 
in SNR due to the variation of the amplitude is 3dB or 
less, and the radio reception apparatus is capable of 
5 receiving signals with the required PER (Packet Error 
Rate) or less. For more general descriptions, assuming 
the SIR margin as M[dB], p is set 0<p<10 M/20 in above 
Equation (1) . Then, by adding a k thus obtained from 
Equation (1) to the subcarrier selected in subcarrier 

10 selecting section 14, the radio reception apparatus is 
capable of receiving signals with the required PER or 
less in addition to suppressing the peak power. 
[0074 ] In addition, the threshold of the SIR margin is 
set in consideration of SIR fluctuation predicted in a 

15 subsequent transmission frame. In other words, when the 
time variation of fading is fast and it is predicted that 
SIR fluctuates by 3dB in the subsequent transmission frame, 
the threshold is set at 3dB. In addition, the algorithm 
for predicting the SIR fluctuation includes methods of 

20 averaging earlier variations, using a linear filter and 
the like. Further, the threshold can be varied according 
to the error status in the radio reception apparatus. 
For example, the threshold is increased by 0 . 5dB when 
a packet has an error, while the threshold is decreased 

25 by 0.5dB when a packet has no error. Herein, the radio 
reception apparatus reports the presence or absence of 
the error of a received packet using an ACK/NACK signal 
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to the radio transmission apparatus, and the radio 
transmission apparatus is thus capable of recognizing 
the presence or absence of the packet error. In this case, 
the ACK/NACK signal received in reception processing 
5 section 41 is output to margin calculating section 51. 
[0075] Thus, according to this Embodiment, since a 
changing target is a subcarrier with an SIR margin equal 
to or greater than a threshold, the chaging target can 
be set on only a subcarrier that does not cause an error 

10 even when its phase and amplitude is changed. Further, 
since the change amount is determined according to the 
size of the SIR margin, it is possible to change the phase 
and amplitude in the range where an error is not caused. 
It is thus possible to prevent the error occurrence due 

15 to phase and amplitude fluctuations, and the transmission 
efficiency can thereby be prevented from degrading due 
to retransmission. 
[0076] (Embodiment 6) 

This Embodiment describes the case where 

20 transmission data (bit sequence) is coded using 

systematic codes such that turbo codes and the like as 
error correcting codes. 

[0077] FIG. 26 is a block diagram illustrating the 
configuration of the radio transmission apparatus 
25 according to Embodiment 6 of the present invention. 

Descriptions are omitted on sections in FIG. 26 with the 
same operation as that in FIG.l (Embodiment 1). 
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[0078] Coding section 61 performs error correcting 
coding on transmission data (bit sequence) using 
systematic codes such as turbo codes and the like. By 
coding the transmission bit sequence using systematic 
5 codes, coding section 61 generates a systematic bit S 
that is a transmission bit itself and parity bit P that 
is a redundant bit. Herein, since the coding rate R is 
1/3 (R=l/3), one systematic bit S and two parity bits 
Pi and P2 are generated for one transmission bit. The 

10 generated systematic bit S and parity bits Pi and P 2 are 
input to P/S section 62 with the three bits in parallel. 
[0079] P/S section 62 transforms input parallel bit 
sequence into a serial sequence, and inputs S, Pi and P2 
in this order to modulation section 12. 

15 [0080] Modulation section 12 modulates the input 

systematic bit S and parity bits Pi and P2 to generate 
a symbol. The symbol generated here includes three kinds 
of symbols, namely, a symbol comprised of only the 
systematic bit, a symbol comprised of the systematic bit 

20 and the parity bit, and a symbol comprised of only the 
parity bit. The modulated symbol is input to assigning 
section 1 3 . 

[0081 ] The operation of assigning section 13 is the same 
as in above Embodiment 1 . 
25 [0082] Herein, the systematic bit is the transmission 
bit itself and the parity bit is redundant bit . Therefore, 
in the radio reception apparatus, the influence on BER 
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deterioration (Bit Error Rate) is not significant when 
erroneous determination is made on the symbol comprised 
of only the parity bit, while the influence on BER 
deterioration is significant when erroneous 
5 determination is made on the symbol including the 
systematic bit. 

[0083] Therefore, based on assignment information, 
subcarrier selecting section 14 selects a subcarrier 
assigned the symbol comprised of only the parity bit from 

10 the above three symbols from among subcarriers fi to f N 
as a subcarrier to be changed the phase and amplitude. 
Then, selecting section 14 inputs the selection result 
to changing section 15. Accordingly, in changing section 
15, only the subcarrier assigned the symbol comprised 

15 of only the parity bits is subject to change among a 
plurality of subcarriers contained in one OFDM symbol. 
[0084] Thus, according to this Embodiment, the quality 
of the systematic bit which has greater significance in 
error correction coding, does not degrade, so that it 

20 is possible to prevent BER deterioration and suppress 
peak power . 

[0085] In addition, each of functional blocks employed 
in the description of each of aforementioned Embodiments 
may typically be implemented as an LSI constituted by 
25 an integrated circuit. These may be individual chips or 
partially or totally contained on a single chip. 

[0086] "LSI" is adoptedherebut thismayalsobe referred 
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to as an "IC", "system LSI", "super LSI", or "ultra LSI" 
depending on differing extents of integration. 
[0087] Further, the method of integrating circuits is 
not limited to the LSI' s, and implementation using 
5 dedicated circuitry or general purpose processor is also 
possible. After LSI manufacture, utilization of FPGA 
(Field Programmable Gate Array) or a reconf igurable 
processor where connections or settings of circuit cells 
within an LSI can be reconfigured is also possible. 

10 [0088] Furthermore, if integrated circuit technology 
comes out to replace LSI' s as a result of the advancement 
of semiconductor technology or derivative other 
technology, it is naturally also possible to carry out 
function block integration using this technology. 

15 Application in biotechnology is also possible. 

[0089] The present application is based on Japanese 
Patent Application No . 2 0 0 3 - 4 0 3 4 1 5 , filed on December 2, 
2003, the entire content of which is expressly 
incorporated by reference herein. 

20 

Industrial Applicability 

[0090] The present invention is suitable for use in a 
radio communicating base station apparatus, radio 
communication mobile station apparatus and the like used 
25 in mobile communication systems. 
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